The nucleotide sequence of over 800 base pairs of DNA upstream of leuP was determined for Escherichia coli and Salmonella typhimurium. In both of these enteric bacteria, approximately 500 base pairs of A+T-rich sequence separates leuP from an upstream open reading frame. Although these A+T-rich sequences share little homology, the distribution of A+T base pairs within the region is strikingly conserved. Deletion of the A+T-rich sequences upstream of the E. coli leu operon does not markedly affect the strength of the leu promoter in vivo.
The DNA of the Escherichia coli chromosome has an overall A+T content of approximately 49% (20) . Nucleotide sequencing data indicate that those regions of E. coli chromosomal DNA which encode polypeptides generally have an A+T content equal to or lower than this estimate. For example, of 20 randomly chosen E. coli genes ranging in size from 234 to 1,839 base pairs (bp), the average A+T content was 47.6% with lacY (5) scoring the highest (54%). In contrast, A+T percentages of 65% or higher have been reported for sequences of 100 bp or more lying upstream of promoters of E. coli and its bacteriophages (6, 10, 12, 19) . Several investigators have postulated that such A+T-rich sequences increase the strength of nearby promoters (6, 12) , although to date no such role has been clearly demonstrated.
We report here an unusually extensive region of A+ T-rich sequence upstream of the leuABCD operon of both E. coli (29) and Salmonella typhimurium (8, 9) . Over 800 bp of DNA sequence upstream of the leu promoters of these organisms was determined (Fig. 1) . As much as 550 bp of the DNA upstream of leuP is strikingly rich in A+T. For example, the sequence from position -83 to -583 is 71% A+T in E. coli and 69% A+T in S. typhimurium. By contrast, the 300 bp on either side of the A+T-rich region have a more typical base composition of about 50% ( Fig. 1) (8, 29) .
The distribution of A * T base pairs within several parts of the leu-ilvIH regions was diagrammed (Fig. 2) . A+T percentages were calculated over 20-bp intervals centered at the position of the sequence indicated on the abscissa. Within the ilvI gene of E. coli, A+T-rich sequences are, in general, short and distributed in a manner similar to what would be found in a random sequence containing 49% A+T (Fig. 2A) .
The same pattern was observed for a part of E. coli leuA together with the associated promoter and leader regions.
Within the A+T-rich region (positions -60 to -600), A+T-rich sequences were distributed as four or five peaks having A+T contents of 75 to 90% (Fig. 2B) . A similar analysis of the comparable region of the S. typhimurium genome shows essentially the same pattern of A+T distribution. Note in particular that the peaks of high A+T content occur at the same positions for both organisms (Fig. 2E) .
It might be expected that the similar A+T content patterns for E. coli and S. typhimurium are a reflection of sequence homologies within the regions compared. This is true for comparisons of the leu operon, but surprisingly it is not the case for the region of high A+T content. We compared sequence homologies by a graphic matrix analysis (14) using a window of 10 and a stringency of 0.80 (Fig. 3) . The strong homology between the leu operons was apparent, whereas the A+T-rich sequences showed little sequence homology ( Fig. 2D and 3) .
The sequences upstream of leu were searched for ORFs. Between positions -50 and -450, stop codons are numerous in all three reading frames on both strands. The longest polypeptide with an N-terminal methionine that could be encoded by the A+T-rich sequences was 41 amino acids in S. typhimurium (Fig. 1B , positions -402 to -457) and 22 amino acids in E. coli (Fig. IA, positions -368 to -433). It may be noted that to the left of the A+T-rich region, an ORF exists in both organisms (Fig. 1A, .'''' " ) between E. coli and S. typhimurium (Fig.  3) .
substitution. It seems that A+T richness per se has been conserved in these organisms during evolution.
To determine whether the A+T-rich region plays a role in the expression of the adjacent leu operon, the following experiments were done. The leu promoter from plasmids pCV57 (region upstream from leu deleted) and plasmid pCV35 (upstream region present) were positioned upstream of galk on plasmid pKO1 (Fig. 4) . The level of galactokinase in strains containing these pKO1 derivatives is a measure of the extent of transcription initiated in the direction of galK from the inserted promoter (16) . pKO1-derived plasmids carrying the leu or lacUVS (28) promoters give rise to 10 to 20 times more galactokinase activity than does plasmid pK01 itself ( Table 1 ). The removal of sequences upstream of the leu promoter resulted in an apparent, approximately twofold decrease in leu-promoter strength. To determine if plasmid copy number was affecting the levels of galactokinase (i, 26) , the copy number of pKO1 derivatives was determined relative to plasmid pSE150. Plasmid pSE150, a low copy number plasmid derived from plasmid pDPT427 (23) , was shown to be a useful internal standard for plasmid copy number determinations of ilvIH promoter-pKO1 fusions (10) . In the experiments reported here, the plasrnid copy number of pKO1 derivatives varied less than twofold among the strains examined.
The results described above demonstrate that optimal transcription from the E. coli promoter is affected only modestly by the deletion of upstream sequences. It is possible that the twofold decrease in promoter strength associated with the deletion is due to changes in the -40 to -50 region of the promoter (7, 11, 21) . We rated the FIG. 1. Nucleotide sequence of the region upstream of the leuABCD operons of E. coli (A) and S. typhimurium (B). Appropriate restriction fragments were isolated from plasmids pCV21 (8) (contains S. typhimurium leuP-leuA and upstream sequences), pCV35 (24) (contains E. coli ilvlH-leuABCD), and pCV58 and pCV60 (Bal 31 deletion derivatives of plasmid pCV35 carrying leu operon and upstream sequences. They were constructed as described in the legend to Fig. 4 for plasmid pCV57; Haughn and Calvo, unpublished data). Fragments were labeled with 32P at 5' or 3' ends. The sequences shown were determined by the methods of Maxam and Gilbert (15) as modified by Smith and Calvo (22) . The first nucleotide is the transcription start site of the leu operon. The -10 and -35 regions of the leu promoter are underscored by asterisks. The amino-terminal sequences of a putative polypeptide encoded by a large ORF on the leu noncoding strand of both organisms is given. moter rating predicts a 1.5-fold decrease in promoter strength (18) , a value similar to the twofold decrease observed.
Similar studies on the in vivo effect of the removal of A+T-rich sequences upstream of the bacteriophage X promoter PL also demonstrate only small changes in promoter strength (12) . We cannot exclude the possibility that deletion of A+T-rich upstream sequences would have more pronounced effects on transcription if these promoters were on the chromosome.
Assuming that the evolitionarily conserved A+T-rich region upstream of the leu operon has a function, what might that function be? If ORF is a gene, then it is transcribed in a direction opposite to that of leu, so that the A+T-rich region lies upstream of both operons. Conceivably, the A+T-rich regions plays some role in the expression of the ORF region. Alternatively, extensive A+T-rich regions may be positioned periodically on the chromosome as has been described for avian and mammalian genomes (17) . The E. coli chromosome is known to be supercoiled and folded into domains (30) . Localized denaturation of A+T-rich regions may stabilize folding or supercoiling by relieving torsion on the DNA helix. Yet another potential role for an A+T-rich region is that it may act as an entry site for proteins that interact with DNA. Proteins such as RNA polymerase are known to preferentially bind A+T-rich DNA (4, 27) . It will be of interest to learn if other extensive A+T-rich regions exist in the chromosome of enteric bacteria.
